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Abstract: Studies of Quaternary malacological assem-
blages from the loess-paleosol section of Črvenka (Vojvo-
dina region, Serbia) provided the opportunity to examine
the paleobiogeographic dynamics of the southern part of
the Carpathian Basin.
The results of quantitative-statistical, paleoecological and
paleobiogeographical analyses performed on 9185 speci-
mens of 38 mollusc species from six stratigraphic units
showed that the study area was a transition area between
the refuge areas in the Carpathian Basin during the Pleis-
tocene.
Keywords: biogeography; refuge; molluscs; Črvenka vil-
lage; Vojvodina; Carpathian Basin; Quaternary
1 Introduction
New results have been attained frompaleoecological anal-
yses of the southern part of the Carpathian Basin [1–4]
especially in the field of Quaternary malacological anal-
yses in the Vojvodnia (Vajdaság) region [5–10]. Malaco-
logical studies merit to Endre Krolopp, Quaternary mala-
cologist (who passed away in 2010), and his follower Pál
Sümegi and finally his Ph.D. students Dávid Molnár and
Júlia Hupuczi. Endre Krolopp and Pál Sümegi started the
re-examination of Quaternarymalacological data and pro-
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vided a collection of sediment profiles, both from cores
and outcrops from historical Hungary (which included the
whole Carpathian Basin until 1918) [4, 11–18].
The comparative malacological analysis of the late
Pleistocene loessy sediments in the Carpathian Basin
started in the 1980s. By that time it became clear by ra-
diocarbon dated malacological loess profiles in the east-
ern part of the Carpathian Basin that the late Pleistocene
environment in this basin was not uniform [17, 19–21]. On
the basis of Quarternary malacological data, a mosaic-like
environment was reconstructed for the end of the Pleis-
tocene that determined the composition ofmollusc assem-
blages [4, 17, 18, 22–26]. This approach provided the op-
portunity to analyse the biogeographical situation of the
Carpathian Basin at the end of the last glacial. In this pa-
per, we introduce the results of the malacological analysis
from a section in the Črvenka brickyard [10, 27], located
in the Vojvodina region (Serbia), in the southern part of
the Carpathian Basin. Data from the Črvenka section were
compared to those from other loess sections in the south-
ern part of the Carpathian Basin [1, 3, 17–19, 28].
Comprehensive stratigraphical, chronological and
sedimentological examinations were carried out at the
Črvenka brickyard site under the direction of Slobodan
Marković in the last few years [9, 27]. The study site at
Črvenka (N 45∘39.75’, E 19∘28.77’, 108 m a.s.l.) lies in the
southern part of the Carpathian Basin (Fig. 1) and is situ-
ated in a brickyard exposure on the south-western edge of
the Bácska Loess Plateau.
2 Sampling and methods
One profile, comprising four sectionswas sampled (Fig. 2).
Mollusc shells retrieved from wet-screened sediment sam-
ples were collected for further examination at the Depart-
ment of Geology and Palaeontology, University of Szeged.
Shells were identified using malacological keys [35–38]
and classified into ecological and biogeographical groups
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Figure 1: Location of the Črvenka brickyard in Europe and in the Carpathian Basin.
based on the systempublished byKrolopp-Sümegi [15, 16],
Sümegi-Krolopp [17, 18], and Sümegi [4]. Relative frequen-
cies of each taxon and the ecological groups were plot-
ted on diagrams. Malacological zones (MZ1, MZ2, etc.)
were delineated via cluster analysis. Bray-Curtis similarity
calculations [39] were followed by Orlóci-Ward-type clus-
tering [40, 41]. Numerical analyses were done with NU-
COSA [42]. Clusters on the dendograms were taken to rep-
resent a single malacological zone [43, 44] Detection of
local malacological zones was according to international
malacological standards [45–53].
The distribution of glacial and recent species found at
Črvenka were reconstructed with the help of international
data [4, 18, 22, 35–38, 45–55] and the Hungarian Quater-
nary Malacological Data Base (which was developed in
the 1990s) [22, 56]. The creation of the Hungarian Qua-
ternary Malacological Data Base (HQMDB) was connected
to the research work of Endre Krolopp and Pál Sümegi
(K-46878 grant: The creation of a Quaternary Malacolog-
ical Data Base in Hungary, Hungarian Scientific Research
Fund) and this Data Base was extended to several areas of
the Carpathian Basin by the present authors.
3 Results
Thirty eight species (3 freshwater gastropods, 34 terrestrial
gastropods, 1 bivalve) were identified from 6500 whole
Figure 2: Lithostratigrapy, OSL ages and magnetic susceptibility
results in the Črvenka section (based on Marković et al. [9] and
Stevens et al. [27]; the datum 114 kyr is an unestimated age).
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shells and about 3500 broken shells of molluscs from
35 samples of the loess profile at Črvenka, Vojvodina. Orig-
inally 38 samples were taken for malacological analyses,
but only 35 samples contained identifiable mollusc shells.
On the basis of statistical analyses (Fig. 3, 4) and the con-
sistent changes of the malacological fauna, 8 local mala-
cological zoneswere defined in the Črvenka section (Fig. 5,
6, 7, and 8).
Figure 3: The results of the cluster analyses of the malacofauna
from the Črvenka loess profile.
Mollusc zoneMZ1 can be placed at 11.0-11.5 m, into the
L2 loess horizon. This zone is characterized by the pres-
ence of Succinea oblonga, which prefers cold climate con-
ditions and the cryophilous species Pupilla sterri is domi-
nant. Eurytopic gastropod species such as Pupilla musco-
rum, Vallonia costata and Pupilla triplicata (between 11.0
and 11.25 m), which prefers a mild climate, are also found
in the MZ1 zone. MZ1 is characterized by cold-resistant
Eurosiberian, cryophilous Central European mountain,
mesophilous, Holarctic, and xero-thermophilous Central
and South-eastern European mollusc species, dwelling in
a relatively cool, forest-steppe environment with mosaic-
like structure. According to OSL data [27], this loess layer
and the Succinea oblonga – Pupilla sterri paleoassocia-
tion formed around 114,000 years ago, within the MIS
5. The faunal composition and the dominance value of
the cryophilous Pupilla sterri suggest that the V L2 loess
layer formed under glacial climate conditions. The mol-
lusc faunal composition suggests a typical dry and cool
loess steppe or forest-steppe environment developed in
Figure 4: The results of the detrendend correspondence analyses of
the malacofauna from the Črvenka loess profile.
the study site where short grass covered about 80% of
the surface. Based on faunal change, the transition zone
of MIS6/MIS5 presumably occurred between 11.00 and
11.25m,where cryophilous Pupilla sterri and cold resistant
Succinea oblonga disappeared and mesophilous and ther-
mophilous species dominated.
Nomollusc remainshavebeen foundbetween 11.0 and
9.5 metres where a well-developed soil layer formed [9].
Previous taphonomic analyses [2–4, 19–22, 57] indicate
that it is due to the dissolution of shells during pedogene-
sis.Mollusc remains at 9.5metres depth are 70,000 years in
age according to OSL data. From this depth the presence of
mollusc remains was continuous to the top of the profile.
These data allowed for the reconstruction of the environ-
mental change for the end of the Pleistocene, specifically
for MIS 3 andMIS 2 [58–60] (Fig. 5). This is one of the most
complete terrestrial environment historical analyses in the
Carpathian Basin for these chronological horizons.
The MZ2 developed between 9.5 and 7.7 m. Based on
the chronological data [27, 30–32] this zone formed be-
tween 58,000 and 56,000 cal BP years. MZ2 is character-
ized by a higher dominance of warm-loving, mild climate
preferring, xerophilous andmesophilous, species that pre-
ferred open vegetation including: Cochlicopa lubricella,
Truncatellina cylindrica, Granaria frumentum, Vertigo pyg-
maea, Pupilla muscorum and Pupilla triplicata. Species
that preferred a forest-steppe environment such as Val-
lonia costata also gained greater importance in the MZ2
zone. Shade-loving and hygrophilous species are absent
from this zone. MZ2 is characterized by the paleoasso-
ciation of Cochlicopa lubricella, Truncatellina cylindrica,
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Figure 5: a) The dominance changes of mollusc species from the Črvenka loess profile; b) The dominance changes of mollusc species from
the Črvenka loess profile.
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Figure 6: The dominance changes of the mollusc-based paleoecological fauna from the Črvenka loess profile.
Figure 7: The changes of the different palaeoecological indicator groups from Črvenka loess profile.
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Figure 8: The Quaternary malacological paleoassociations from the Črvenka loess profile.
and Granaria frumentum (Fig. 5). This species composi-
tion appeared only in this level of the profile (Fig. 5, 6,
7, 8). C. lubricella, T. cylindrical, G. frumentum and other
species such as Vertigo pygmaea, Pupilla triplicata, Chon-
drula tridens, Helicopsis striata and Pupilla muscorum are
typical in temperate steppe-forest and steppe environ-
ments. Themalacofauna characterized the Early Holocene
in the central part of the Great Hungarian Plain . There-
fore, the malacofauna from the top part of the S1 soil and
early L1 loess layers in the črvenka profile is similar to
the Early Holocene mild temperate steppe, forest-steppe
malacofauna of the Great Hungarian Plain [4, 25, 61]. Ac-
cording to the Quaternary malacological data from the
loess profiles of the Carpathian Basin this paleoassocia-
tion formed in a forest-steppe environment during a mild
climatic phase [18, 52, 61]. Thismalaco-association is char-
acteristic in the early MIS 3 (Fig. 8), during the Greenland
Interstadial 17 level [60]which is completely different from
the composition of the mollusc fauna of the Carpathians,
Dinaric Alps and Alps. In the Carpathians, Dinaric Alps
and Alps and in their foothills Clausilia pumila, Clausilia
dubia, Magrocastra ventricosa, Punctum pygmaeum and
Vitrea crystallina species dominate during the early MIS
3 [2–4, 6, 36, 56, 57]. These species prefer shade and
forested habitats, which indicate a forested environments
and dwell in forested areas recently, as well [66–76]. These
findings suggest that there is a hugedifference between the
malacofauna of the črvenka loess profile and the Carpathi-
ans, Dinaric Alps and Alps during the early MIS 3. During
this period, a forest environment developed in the moun-
tain and foothill area, while steppe/forest steppe environ-
ments formed in the Great Hungarian Plain.
The MZ3 developed between 7.7 and 7.2 metres. On the
basis of the chronological data this zone corresponds to
56,000-50,000 cal BP years. The fauna suffered a remark-
able change compared to the earlier zones. This is indi-
cated by the disappearance of Truncatellina cylindrica and
Vertigo pygmaea, and the decreasing abundance of Gra-
naria frumentum and Chondrula tridens. Vallonia costata
(Holarctic spreading, forest steppe preferring) and Pupilla
triplicata (preferring carbonated underlay and steppe en-
vironment) dominated in this zone. This association can
be found on the southern exposure natural steppe and
forest-steppe areas in the middle mountain range zone of
the Carpathian Basin [34, 66, 67, 77–81].
MZ4 is in the interval 7.2-6.2 metres, where some small
changes occurred in the composition of the malacofauna.
This zone is characterized by adominance ofwarm-loving,
xerophilous and open habitat preferring Helicopsis striata
(20-46%). In this zone, besides the dominance ofHelicop-
sis striata, Vallonia costata and Chondrula tridens reached
considerable importance. There is a drop in the abun-
dance of Pupilla triplicata, therefore this zone is character-
ized by the paleoassociaition ofHelicopsis striata, Vallonia
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costata, and Chodrula tridens. Nowadays similar mollusc
associations characterize the carbonate-rich loess steppes
of the southern part of the Great Hungarian Plain [82, 83].
Based on the calculated dominance values of the individ-
ual paleoecological groups, this zonewas characterizedby
mesophilous, xerophilous,mild climate preferringHolarc-
tic, Central and Southeastern European mollusc species,
dwelling in a mild steppe environment. This loess layer
formed in a typical dry and mild loess steppe environ-
ment, where short grassland covered a minimum of 50%
of the surface. The Helicopsis striata-dominated malaco-
fauna from a short grassland environment with a lithosol
soil clearly differed from the fauna of the temperate forest
steppe with a deep, organic rich, black earth soil type.
MZ5 developed between 6.2 and 5.0 metres. It is char-
acterized by a peak of the Holarctic mesophilous forest-
steppe preferring species Vallonia costata (47-64%). The
ratio of warm-loving, xerophilous and open habitat prefer-
ring Chondrula tridens (5-6%) is also significant. Accord-
ing to OSL data, this malacofauna lived between 40,000
and 34,000 cal BP years. During MZ5, species that pre-
ferred cold and humid micro environments, especially
Succinea oblonga, spread on the ranges and hills of the
Carpathian Basin [64–67]. On the basis of data from Čr-
venka, it seems that a different paleoassociation evolved
on the southern part of the Great Hungarian Plain in an
arid environment in the later part of the MIS 3. This Vallo-
nia costata-Chondrula tridens paleoassociation settled in
a typical mesophilous forest steppe environment in the
study site. The composition of the malacofauna and the
dominance ofmollusc taxa suggest that humidity and veg-
etation cover were higher than in the previous malacolog-
ical zone (MZ4). The remarkable change of the malaco-
fauna likely reflects a cooler climate with local relative hu-
midity increasing. Thus, the vegetation density increased
in a cooler and more humid micro-environment and prob-
ably reforestation started in the area. The malacological
data suggest that this loessy layer formed in a typical mild
loess forest-steppe environment.
The MZ6 is located between 5.0 and 3.0 metres. The
chronological data suggest that this zone formed between
35,000 and about 25,000 cal BP years. Themost important
change in this zone is a drastic decrease in the proportions
of Vallonia costata accompanied by a considerable in-
crease of the dry open vegetationhabitat preferringPupilla
triplicata (58-93%). Today this species lives in carbonate-
rich open vegetation environments in the mountain and
hilly regions in Central Europe [34, 66, 67, 84]. The general
composition of the fauna and the presence of species such
as Granaria frumentum, Vertigo pygmaea and Helicopsis
striata indicate lower grassland cover for larger parts of
the surface compared to the previous zone. This loessy
layer formed in a typical dry and temperate steppe envi-
ronment [25, 82, 83], where short grassland covered more
than 60% of the surface based on the composition of mol-
lusc fauna.
The fauna changed significantly between 3.0
and 2.5 metres, in the MZ7, dated between 24,000
and 23,000 cal BP years. The ratio of thermophilous
species [34, 66, 67, 82–84] decreased intensively (Fig. 5,
6, 7, and 8), however a few specimens of Cochlicopa lu-
bricella,Granaria frumentum, Pupilla triplicata, Chondrula
tridens and Helicopsis striata were present in this zone of
the profile. This faunal change indicates a transition from
a mild-dry to a cold-wet environment.
Rather important changes have been observed in the
MZ8 (2.5-1.65metres), where cold-loving and cold-resistant
species (Columella columella, C. edentula) have relatively
large dominances (Fig. 5). Moreover, a significant domi-
nance increase of forest and ecotone (forest-steppe transi-
tion) species (e.g., Clausilia pumila, C. dubia, Cochlodina
laminata, Vitrea crystallina, Aegopinella ressmanni, Ari-
anta arbustorum, Orcula dolium, Discus ruderatus, Semil-
imax semilimax and Punctum pygmaeum) occurred. The
dominance of the shade-loving and intense vegetation
cover preferring mollusc was between 50 and 70% in this
zone. Although several mollusc species had significant
dominance in this stage, the paleoassociation ofColumella
columella, Cochlodina laminata and Punctum pygmaeum
mostly characterized this zone. The chronological data
suggest that MZ8 formed between 23,300 and 18,000 cal
BP years. The most important change in this zone is the
decline of warm-loving, steppe preferring species, such
as Granaria frumentum, Pupilla triplicata, Chondrula tri-
dens, Helicopsis striata and the mesophilous species Val-
lonia costata. In addition, the considerable increase in
the hygrophilous, cold-resistant, open vegetation prefer-
ring European Trichia hispida and T. striolata is signifi-
cant. This faunistic change points to the emergence of a
colder climatic period in the study area. This is most likely
coeval with the Late Pleniglacial (recorded in the south-
ern part of the Great Hungarian Plain) where the peak
in abundance of the Boreo-Alpin Columella columella has
been observed [1, 4, 18]. Based on the malacothermome-
ter method [4, 21] the mean July paleotemperature was be-
tween 13-14∘C in this phase, 7-9∘C lower than today.
The peak in abundance of shade loving molluscs
suggests that the lower summer temperature interlocked
higher humidity and vegetation density. The composi-
tion of the mollusc fauna indicates a mosaic-like envi-
ronment during the Late Pleniglacial dust accumulation
phase, when tundra-like Boreo-Alpine species and Ho-
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larctic mesophilous steppe, forest steppe environment
preferring taxa lived together with shade loving Central-
European, European, and Alpine mountain species in the
study site. Thismosaic-like vegetation cover supported the
expansion of both woodland and open vegetation habitat
preferring molluscs. The composition of the fauna refers
to mosaic-like forest steppe, open parkland vegetation
within tundra-like spots and a cool, but humid climate de-
velopment during the dust accumulation period. Themost
diverse mollusc fauna has been found in this zone (Fig. 5).
4 Discussion
Paleoecological results of the Črvenka profile
The Črvenka profile (just over 11 m) has been inter-
preted by Marković et al. [9] to cover the Holocene soil (V-
S0), the entire sequence of last glacial units (collectively
V-L1), the Last Interglacial soil (V-S1) and the very upper
part of the penultimate glacial loess (V-L2). Stratigraphic
studies of loess and paleosols at various exposures in the
Vojvodina regionhaveused lithologic andpedogenetic cri-
teria, magnetic susceptibility variations, aminostratigra-
phy and luminescence dating as the primary basis for cor-
relation between sites. Marković et al. [9] designated the
Vojvodinian loess-paleosol chronostratigraphic units by
names that follow the Chinese loess stratigraphic system
(e.g., [29]), beginning with the prefix “V” referring to the
Vojvodina region (Fig. 2).
According to thechronostratigraphic model in
Marković et al. [9], loess unit V-L2 accumulated during
the penultimate glacial marine isotope stage (MIS) 6 and
the paleosol unit V-S1 correlates with the Last Interglacial
MIS 5; however, chronological data and previous loess
stratigraphic analysis [33, 34] indicate that the uppermost
part of V-S1 is likely younger than MIS 5 and partly devel-
oped during MIS 4 [33, 34]. Yet, it must be noted that the
radiometric ages older than 50-60 kyr are underestimated
for the črvenka profile described in Stevens et al. [27].
Underestimation is supported by the malacofauna shift
in upper MZ1, suggesting placement of the MIS5/MIS6
transition at 11-11.25 m (middle V L2). V-S1 is overlain by
composite loess unit V-L1,which is correlatedwithMIS 4-2.
The structure of the last glacial loess, V-L1, varies in differ-
ent loess localities across the Vojvodina region. The lower
subhorizon of V-L1, termed V-L1L2, accumulated above
the paleosol V-S1. The middle last glacial is apparently
represented in the area by a poorly developed soil com-
plex, V-L1S1. Thus the youngest loess layer, V-L1L1, would
have accumulated during the upper last glacial period and
V-S0 formed during the Holocene. The lithostratigraphical
and chronological analysis of the črvenka profile [9] were
published in other studies [27, 30–32].
The oldest assemblages were found in the L2 loess
stage. This stage formed in a cold climate period with a
15°C average July temperature in a loess steppe environ-
ment. During the following stage, a fossil soil level de-
veloped and mollusc remains did not turn up. The mala-
cofauna could be traced again from 70,000 cal BP years
(Fig. 5, 6, 7, 8).
Considering the results of the detrended correspon-
dence analyses made on the molluscs fauna, and the re-
sults of plant alkene examinations [85, 86], the dominance
changes of paleoecological groups and the changes of the
average July temperature by the malacothermometer, we
were able to reconstruct the environmental changes dur-
ing the MIS 3 and MIS 2 periods. Since the sampling range
was 25 cm [27, 30, 32, 85, 86], the faunal changes have been
examined at a scale of approximately 1250 years (Fig. 5, 6,
7 and 8). The faunal statistical analyses confirmed that the
Črvenka malacofauna followed the climate trend that was
demonstrated in theNorthGreenland Ice Core Project, par-
ticularly for the Greenland Interstadials between GI17 and
GI12 [113]. A higher resolution sampling technique would
have allowed for a more precise reconstruction for all GI
stages on a malacological base.
It is very important that the vegetation reconstructed
from plant alkenes [85] correlated (Fig. 7) with themalaco-
fauna as was previously thought [25]. On the basis of the
malacological results, the open vegetation covered area
(steppe) extendedduringmild climatic periods, but during
cold climate periods the closed vegetation cover (forests)
extended throughout the study area. This change was
most significant during the Last Glacial Maximum (LGM)
when cold loving fauna, indicating tundra-subarctic en-
vironments, spread in northern and western Europe. In
Črvenka, in the southern Carpathian Basin, the mollusc
fauna was characterized by forest-loving and cold-loving
Arcto-Alpine and Central European mountain species.
On thebasis of thepaleoecological trends in the south-
ern part of the Great Hungarian Plain, and as a result of
higher temperature, an arid local environment developed
with short-grassed steppe during the interstadials of the
last glacial. During cold periods, vegetation density in-
creased and forest steppe and long-grassed steppe were
dominant. At the same time, mosaic-like vegetation cover
developed where several species with different ecological
demands dwelt during the mild and cold climate periods.
As a result of the mosaic-like environment, a species
rich malacofauna evolved; however the increase in tem-
perature caused the number of species to decline and over-
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all biodiversity decreased. More humid periods during the
cold climate phases were favourable to the mollusc fauna.
This can be seen in the Črvenka loess profile where species
rich malacofauna developed during cold climate periods.
The last glacial environment history and paleobiogeo-
graphical changes in the southern part of the Great Hungar-
ian Plain
The observed changes in the Črvenka loess profile are
not unique in the Carpathian Basin. Actually, it is well
known that the malacofauna of the southern Great Hun-
garian Plain is different than that observed in northern,
western and eastern Europe [13, 14, 17, 18]. Furthermore,
the Črvenka malacofauna is different from the malaco-
fauna recorded at other sites in the Carpathian Basin [17,
22, 23, 26, 87].
The most important difference in species composition
is the constant presence of warm loving, aridity resistant
(xerothermophilous) steppe elements, especially Cochli-
copa lubricella, Granaria frumentum, Pupilla triplicata,
Chondrula tridens and Helicopsis striata, which showed
considerable dominance during interstadials [18].
Maximumabundance of somewarm loving species in-
creased in different periods of time, and the proportion of
these species significantly changed according to the local
environmental conditions (in several areas of the Southern
part of the Great Hungarian Plain). But it can be observed
that the dominance changes and the decrease of the pro-
portions of thermophilous species occurred in a consistent
way in several areas [1, 3, 26].
A significant change occurred in the development of
the mollusc faunas at the end of the glacial. Holarctic
species preferring long-grass steppe appeared in cold pe-
riods. The paleoassociation of Pupilla muscorum and Val-
lonia costata became significant. During warm periods,
species preferring short-grass steppe with Pontic distri-
bution, such as Cochlicopa lubricella, Granaria frumetum,
Helicopsis striata, dominated, but Holartic forest steppe
elements were also present. During the temperate-cold
periods the elements of the Pannonian forest-steppe be-
came dominant, especially Pupilla muscorum and Vallo-
nia costata, though the warm loving, xerophilous, Pontic
species still occurred. These data suggest that during the
last glacial, between 60,000 and 24,000 cal BP years, Pan-
nonian forest steppe mosaics existed in the southern part
of the Carpathian Basin with different conditions. As a re-
sult, macro-climatic changes periodically influenced the
mosaics in such a way that the extension of patches fol-
lowed climate changes.
The mollusc association of temperate Pannonian for-
est steppe environment changed during the LGM. Tundra
and taiga species, such as Columella columella, Cochlod-
ina laminata, Puctum pygmaeum appeared, and a mosaic-
like Boreal forest steppe, consisting of tundra, cold steppe,
and taigapatches evolved in the southernpart of thebasin.
This type of vegetation occurs in southern Siberia and the
Altai Mountains today [4, 17, 18, 23, 24, 26, 54, 55, 88]. In
parallel to that, the ratio of thermophilous species, such
asGranaria frumentum andHelicopsis striata, decreased in
this level of the profile and euryok thermophilous species
(Chondrula tridens) subsited, probably in south oriented
slopes.
This type of boreal forest-steppe and the connected
paleoassociation of Columella columella, Cochlodina lam-
inata, Punctum pygmaeum existed until about 16,000-
15,000 cal BP years. Then cold loving elements gradually
retreated and mesophilous and thermophilous elements
appeared in this area [17, 18, 89]. Thus at the Pleistocene-
Holocene transition, a mosaic-structured Pannonian for-
est steppe, with recent submediterranean and continental
elements developed in the southern part of the Carpathian
Basin [1, 17, 18, 25, 62, 90].
5 Conclusions
Comparison of other mollusc assemblages with assem-
blages occurring in the črvenka succession indicates that
the Late Pleistocene environments in this area were dif-
ferent from those observed in the western, eastern and
northern European loess records [33, 47, 68, 69, 91–101].
The Late Pleistocene environment in Central and West-
ern Europe varied from glacial tundra (indicated by Col-
umella collumela fauna: [33]) to interglacial humid de-
ciduous forest habitats (represented by Helicigona banat-
ica fauna types: [33]). Temperate grassland and forest
steppe habitats (indicated byTruncatellina cylindrica,Gra-
naria frumentum, Pupilla triplicata, Helicopsis striata and
Chondrula tridens) dominated in the southern part of the
Carpathian Basin. The main reason for these environmen-
tal differences is the increase of the sub-Mediterranean
(Pontic) and continental climatic influences as a result of
the increasing distance from the Atlantic Ocean.
Nevertheless, the most important factor regarding
these regional climatic differences is the “basin effect”
in the inner and southern parts of the Carpathian Basin
due to the uplift of the Alps, Dinaric Alps and Carpathi-
ans mountain ranges during the Cenozoic. As a result of
the emergence of themountain range a negative precipita-
tion effect developed in the inner and southern part of the
basin. This condition shows similarity with the continen-
tal climate and was amplified by the sub-Mediterranean
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climate effect that canbeobservednowadays aswell, espe-
cially by the considerable sunshine duration [25, 102, 103].
A sub-Mediterranean climate, with higher sunshine
duration and temperature, and decreased precipitation
characterised the study area during the end of the Pleis-
tocene. Therefore, this area evolved differently compared
to other parts of Europe during the Pleistocene and also
during the Holocene. Aridity was so extreme that dur-
ing warm periods the lower timberline [104] persisted
through this area during the Pleistocene, andwas likely lo-
catedhere evenduring cold periodswith increasedhumid-
ity [105]. In these ecological conditions, arboreal species
were present but their growth was insignificant.
On the basis of the local environment sensitive mol-
lusc species, the lower tree line and timberline were not
defined, but rather followed local changes. As a result, a
wide transition zone evolved with forest steppe between
the lower timberline and tree line. During warm periods,
temperate grassland vegetation patches dominated with
sporadic forest steppe like patches in the study area. This
allowed temperate open parkland type vegetation to de-
velop. During colder periods, as a result of the increas-
ing humidity, the area of forest steppe increased and Ho-
larctic forest steppe mollusc species became more domi-
nant in addition to Pontic fauna elements. Using themala-
cological results, the most extensive arboreal vegetation
cover developed during the LGM in the profile (forest cover
reached 50-60%) besides the boreal forest steppe.
The best indicator species of a temperate grassland
environment is the xerothermophilous Granaria frumen-
tum whose most significant expansion occurred in the
Carpathian Basin at 60,000 cal BP years (Fig. 9) [1, 3–
8, 17, 18, 62]. After the last interglacial, at about 60,000 cal
BP years, G. frumentum spread into other parts of Cen-
tral Europe, in the Czech Basin, the Vienna Basin, and
into the Carpathians andAlps to a height of approximately
1000metres a.s.l. [33, 64, 65, 68, 69, 88, 106]. The spread of
this species indicates that the temperate forest steppe ex-
panded to the foothills and lower mountain regions. After
60,000 cal BP years, the significance of G. frumentum de-
creased. Between 40,000 and 30,000 cal BP years, G. fru-
mentum increased in the southern part of the Carpathian
Basin and decreased towards the north (Fig. 9). Between
30,000 and 24,000 cal BP years the species declined and
occurred only in the southern areas. After 24,000 cal BP
years G. frumentum turned up only sporadically and only
in the southern Carpathian Basin. During the LGM (be-
tween 24,000-18,000 cal BP years) only a few specimens
were found in the loess profiles of Mecsek Mountain, but
G. frumentum was absent from the other parts of the GHP
and Vojvodina region (Fig. 9) [89, 107]. Therefore,the the-
ories about a refuge area for thermophilous species in the
Vojvodina region, namely the refuge of Pannonian steppe
elements [8], cannot be proven because their continuous
appearance cannot be demonstrated during the LGM.Gra-
naria frumentum likely subsisted on south oriented slopes
with the highest sunshine duration in the isolated moun-
tains of the southern Carpathian Basin (Mecsek, Villány
Mountains and Fruska Gora) during the LGM.
Thesedata support theQuaternarypaleobiogeograph-
ical models [17, 18, 22, 23, 89, 107], that these isolated
mountains in the southern part of the Carpathian Basin
were the refuge areas of theMoesian and Illyrian fauna ele-
ments (andprobably flora), including temperate grassland
taxa [17, 22, 23, 89, 107]. In these diversemountains, on the
south oriented slopes, the local and extralocal sunshine
and higher temperatures compensated for the decreasing
regional temperatures during the LGM.
Figure 9: Recent and Pleistocene distribution of Granaria frumen-
tum based on the Hungarian Quaternary Malacological Data Base (1.
Recent distribution of Granaria frumentum, 2. Distribution of Gra-
naria frumentum at about 60,000 cal BP years, 3. Distribution of
Granaria frumentum between 25,000 – 35,000 cal BP years, 4. Dis-
tribution of Granaria frumentum during the Last Glacial Maximum
(LGM)).
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6 Summary
At the end of the Pleistocene the southern part of the
Carpathian Basin, including the Vojvodina region, served
as a transition zone [108] rather than a refuge area. Species
spread from the refuges during favourable climatic and en-
vironmental phases to this fluctuation area and receded to
the refuges during unfavourable conditions.
This dynamic relationship [107, 108] between the fluc-
tuation area and the refuges characterized the develop-
ment of the Boreal forest steppe vegetation during the
LGM. In the southern part of the Carpathian Basin, and
in the Črvenka loess profile, the shade-loving Cochlod-
ina laminata appeared. Today this species is widespread
in the Central European forested mountain zone. Simi-
larly, forest habitat preferring Central European moun-
tainous Clausilia pumila, Semilimax semilimax and Ae-
gopinella ressmanni species spread during the LGM. These
species turned up only from the profiles of the southern
Carpathian Basin and probably their refuge area was Mec-
sek Mountain (Fig. 10).
Figure 10: Recent and Last Glacial Maximum (LGM) distribution of
the forest habitat preferring molluscs based on the Hungarian Qua-
ternary Malacological Data Base (1. Recent distribution of Cochlod-
ina laminata, 2. Distribution of Cochlodina laminata during the Last
Glacial Maximum, 3. Recent distribution of Aegopinella ressmanni,
4. Distribution of Aegopinella ressmanni during the Last Glacial
Maximum).
On the basis of atmospheric physical models [109],
trees and shrubs, including conifers and deciduous trees,
and fauna elements subsisted on the southern sides of
isolated mountains between 500-600 meters during the
coldest and driest stages of the LGM. At this elevation at-
mospheric moisture precipitated and compensated for the
Pleistocene regional aridity. On the south oriented slopes,
a favourable microclimate developed for temperature sen-
sitive forest ecosystems. These conditions allowed for the
development of local forest refuge areas in the mid moun-
tain zones of the Alps, Carpathians and Dinaric Alps. Mec-
sek Mountains was probably a refuge area for both tem-
perate grassland environment preferring and temperate
shade-loving species as a result of its microclimatic diver-
sity (Fig. 9 and 10). Taking into account the cold valleys
in the northern part of the mountain, it had a kind of dual
role. Namely, refuge areas existed in different parts of Mec-
sek Mountains: during colder periods, it harboured ele-
ments preferring a milder climate, while during warmer
periods, species favouring a colder climate subsisted. Vil-
lány Mountain may have had a similar role, however due
to its lower height and less diverse surface it was a refuge
area for temperate grassland favouring species.
Analysis of the mollusc species from Fruska Gora was
started by Endre Krolopp and Pál Sümegi in 2000 [1-
3,5-8,111]. Unfortunately, we have only a few malacologi-
cally analyzed profiles from the eastern part of the moun-
tain that cover 1200-1500 years long intervals. Thus the
refuge role of this area is not clear yet, only hypothetical
[108,109].
On the basis of theQuartermalacological analyses and
theHungarianQuartermalacological DataBase, the south-
ern part of the Great Hungarian Plane including the Vo-
jvodina region is a fluctuation area between refuges of
the southern Carpathians, the rim of the Dinaric Alps and
the isolated mountains in its northern foreground. In this
fluctuation zone, temperate (Pannonian type) grassland
and forest steppe developed during warm and dry peri-
ods, while during colder climate phases boreal type (that
is observed in south Siberia today) steppe taiga and taiga
steppe [111, 112] evolved. This environmental development
differs from the observed evolution in the northern part
of the Carpathian Basin and from the western, eastern
and northern European ones. The reason for the differ-
ence is the higher temperature and rare drought on a local-
regional level. So themost important factor in the develop-
ment of the drier microclimate in the southern Great Hun-
garian Plain and Carpathian Basin is the basin effect as a
result of the uplift of mountains and the distance from the
ocean.
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